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Abstract. Propolis samples from Transylvanian stationary apiaries were collected during 
2004-2007 and were analyzed for total phenolics and antioxidant activity. DPPH was employed as free 
stable radical for evaluation of propolis radical scavenging activity (RSA), inhibitory concentration 
IC50 and propolis’s content in antioxidant compounds. Correlation between propolis composition and 
antioxidant activity was performed.  
Analyzed propolis presented about 3% flavones/flavonols, 4% flavanones/dihydro-flavonols, 
23% total phenolics. RSA values of propolis were 17±4%. There is an indirect relation between RSA 
and IC50. Therefore, propolis with high RSA values has low IC50 (under 2mg/ml). Correlation 
coefficients between RSA, IC50 and phenolics were calculated, and a positive correlation was found 
between phenolics and antioxidant activity.  
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Propolis is being used by people since ancient times as natural treatment in various 
disease conditions (Mărghitaş, 2005), and by bees to seal the cracks in the hive, to keep a low 
concentration of bacteria and fungi in the hive and to embalm the animals killed after 
invading the colony (Burdock, 1998, Marcucci, 2001). The most common applications of 
propolis in therapy are in dermatology and cosmetic formulae which involve tissue 
regeneration, bactericidal and fungicidal properties (Mărghitaş, 2007a, 2007b). Physiological 
effects of propolis are due to phenolic compounds (flavonoid aglycones and cinnamic acids 
and their esters) which originate in temperate zone of Europe from bud exudates of poplar 
trees (Popova, 2005, 2004). Therefore the first step in determining the quality of propolis 
consists in evaluation of phenolics content, followed by estimation of their biological activity.  
The antioxidant activity of phenolic compounds was performed so far by various 
methods, involving different reaction parameters: the choice of free radical (DPPH, ABTS), 
reaction environment (concentration of: antioxidant substrate, free radical concentration and 
the solvent choice) and length of reaction (Kujumkiev, 1993). All this parameters influence 
the capacity of antioxidants to scavenge the free radicals.  
DPPH is a free radical stable at room temperature. If dissolved in Ethanol its purple 
color shows a characteristic absorption at 515nm. Antioxidant molecules (active principles in 
propolis) scavenge the free radical by hydrogen donation and the color of DPPH solution 
becomes light yellow resulting in decrease of absorbance (Kujumkiev, 1999).  
Recently, our group has reported some data regarding the composition of Romanian 
propolis (Mărghitaş, 2007a, 2007b). Based on these findings we continued to investigate the 
quality of Transylvanian propolis. This study aimed the analysis of propolis from 
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Transylvanian stationary apiaries regarding its concentration in phenolics and antioxidant 
activity measured by means of DPPH methods: radical scavenging activity (RSA), 
concentration needed for 50% inhibition of free radicals (IC50) and concentration in 
antioxidant compounds.   
 
MATERIALS AND METHODS 
 
Propolis samples: Propolis samples collected from Transylvanian stationary apiaries 
were collected during 2004-2007 by scrapping the bee frames (see details in Table 1). They 
were all kept in freezer (-20°C) until analysis. All propolis samples were grounded in a coffee 
mill prior to analysis in order to homogenize the sample. 
Chemical reagents: Ethanol absolute (code 32221, Riedel-de-Haën, Germany), 
Methanol HPLC (code 1.06007.2500, Merck, Germany), Folin-Ciocalteu phenolic reagent 
(code 1.09001.0500 Merck, Germany), Sodium Carbonate of analytical grade were purchased 
from Merck, free radical DPPH (2,2-diphenyl-1-picrylhydrazyl, code D9132, Aldrich Sigma, 
Germany), AlCl3 analytical grade code 8.01081.0100 Merck, Germany, DNP 2,4-
dinitrophenylhydrazyn analytical grade 1.03081.0100 Merck, Germany, Potassium hydroxide, 
analytical grade.   
Standards: Caffeic acid, Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carbonsäure, code 56510 Fluka, Danemark), Galangin (code 48291, Fluka, USA), 
Pinocembrin (code P 5239 Sigma-Aldrich, Germany). 
Instruments: Spectrophotometric measurements were performed on Shimadzu 
Spectrophotometer UV-1700 equipped with 1cm quartz cells.  
Tab. 1  
Description of propolis samples used in this study 
 
No. Sample 
code Propolis type Geographical origin Collection year Harvesting method 
1 PM1 Mountain Băişoara 2007 Hive tool 
2 PM2 Mountain Ciucea 2007 Hive tool 
3 PM3 Mountain Ciucea 2007 Propolis collector 
4 PM4 Mountain Ciucea 2007 Propolis collector 
5 PM5 Mountain Ciucea 2007 Hive tool 
6 PSM Submountain Finişel 2006 Hive tool 
7 PD1 Hill  Bădeşti 2007 Hive tool 
8 PD2 Hill Aşchileu 2007 Hive tool 
9 PD3 Hill Aşchileu 2006 Hive tool 
10 PC1 Field Valea lui Mihai 2006 Hive tool 
11 PC2 Field Valea lui Mihai 2005 Hive tool 
12 PC3 Field Valea lui Mihai 2004 Hive tool 
13 PC4 Field Valea lui Mihai 2007 Hive tool 
 
Propolis extraction. The method described by Mărghitaş, 2007a was used to obtain the 
Ethanolic propolis extract (1:100, w/v in Ethanol 70%).  For every propolis sample 3 parallel 
extractions were performed by maceration (24h at room temperature with continuous 
agitation). This Ethanolic extract was used to determine the concentration of 
flavone/flavonols and the extraction yield of active principles in propolis. An aliquot of 1 ml 
of every extraction solution was transferred into a volumetric flask and diluted to 50 ml with 
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Methanol. It was further used to determine total phenolics and flavanone/dihydroflavonols 
content.  
Quantitative determination of phenolics (flavone/flavonols, flavanone/ dihydro-
flavonols and total phenolics). The methods reported by Popova, 2004, Mărghitaş, 2007a, 
2007b were used to quantify the phenolic compounds from propolis samples. All these 
methods are based on formation of stable colored complexes from different flavonoid groups 
with specific reagents. Determination of flavone/flavonols was performed using AlCl3, and 
calibration curve (Y = 1,13397 * X - 0,00443; r2=0,99916) was realized using Galangin as 
internal standard (4-40µg/ml). The group of flavanone/dihydroflavonols was determined by 
complexation with 2,4 dinitro-phenylhydrazine, and Pinocembrin (0,14-1mg/ml) was used for 
calibration curve (Y = 0,24135 * X + 0,00089; r2=0,99954).  
Total phenolics were determined by Folin Ciocalteu method described by Mărghitaş, 
2007a, 2007b and Popova, 2004, using as standards for calibration curve a mixture of 
Pinocembrin:Galangin (2:1, w/w). The equation (r2=0,99946) was Y=0,00087X – 0,02569 
and standard error of 0,00205. 
Antioxidant activity. Antioxidant activity of propolis was determined by 3 different 
methods based on DPPH: RSA, IC50 and propolis content in antioxidant compounds.  
Radical scavenging activity: The decrease of DPPH solution absorption value at 515 
nm after addition of dry propolis extract was measured in a quartz cuvette (1 cm). The 
reaction mixture contained DPPH 0.1mM Ethanolic solution (2950µl) and 0,6 mg/ml dry 
propolis solution (50 µl). Negative control solution was prepared using only DPPH and 
Absolute Ethanol. As positive controls Caffeic Acid and Trolox (0,6mg/ml in Absolute 
Ethanol) were prepared and used instead of propolis extract. Absorbance was recorded at 
exactly minute 0 and after 10 minutes and 20 minutes of reaction. In this assay results are 
expressed as the ratio percentage of the absorbance decrease of DPPH radical solution in the 
presence of extract at 515nm to the absorbance of DPPH radical solution at the same 
wavelength: %RSA = (AbsDPPH-Abssample)/AbsDPPH*100. All tests were performed in 
triplicate. 
Inhibition concentration of 50% free radicals in solution (IC50): In order to establish 
the IC50, RSA value was determined for every propolis sample at 4 different concentrations 
(0,65mg/ml; 2mg/ml; 3mg/ml; 4mg/ml in absolute Ethanol) at 20 minutes after the mixture 
was prepared. The values were then recorded and represented graphically. IC50 value was 
determined from curve equation specific for each propolis sample. Negative and positive 
controls were prepared for each series of samples.  
Propolis content in antioxidant compounds: The content in antioxidant compounds of 
propolis was determined by reading each propolis sample on a calibration curve of Caffeic 
Acid (Y = – 0,00118*X+1,12744). Shortly, absorbance was measured at 515 nm after 20 
minutes from the start point of reaction between 50µl Ethanolic solution of Caffeic Acid (2,6–
6,5mg/ml) treated with DPPH (2950µl of 0,1mM). The standard solution was replaced with 
propolis when reading the samples. For better control of reaction conditions, negative and 
positive control was prepared for each sample batch. 
 
RESULTS AND DISCUSSION 
 
Propolis samples used in this study presented common variations in appearance: dark 
brown color, with amber – reddish fragments and intense aromatic resin flavor. Due to the 
fact that most of them were not collected by the means of a propolis collector, there was a 
high amount of beewax within every sample. Extraction of active principles of propolis by 
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this protocol resulted in an extraction yield from 43% to 74%, data higher than the minimum 
value agreed by Argentinean legislation - 35% (INRA, 2004).  
UV-VIS spectra of all samples presented absorbance peaks between 313-298 nm 
which are attributable to flavonoids and phenolic acids (Kujumkiev, 1993). It can be 
concluded that the main composition of all propolis samples was more or less similar and the 
difference in the height of the peaks can be explained in the terms of different ratios of the 
constituents contained in the extract. Very high correlation was found between extraction 
yield and absorbance at maximum wavelength (r2=0.9).   
Determination of phenolics. The analyzed propolis samples presented variable values 
of flavonoids and phenolic acids, as presented in Fig. 1. The values of flavones/flavonols in 
propolis were between 0,67-5,48% with an average of 2,92±1,68%. It was noticed a higher 
concentration of this group of flavonoids at samples from field and hill areas (>4%), and 
lower concentration at submontaneous and mountain propolis (<2,4%). From the 13 studied 
samples only 5 presented values over 4%.  
Flavanone/dihydroflavanols varied in our samples between 0,4-6,8%, with a mean 
value of 4,18±0,21%. All samples presented values above 4% except propolis samples PM4, 
PM5, PC4 which had a concentration of flavanone/dihydroflavanols below 1%. According to 
Bankova, 2005 the average of flavanone/dihydroflavonols in Europe is 6 ± 2%.  
Total phenolics ranged from 17,29 to 29,35%, with a mean value of 22,81%. Only 
PM2, PM3, PD2, PD3 below 20%.  
Similar results were obtained by Bakmaz, 2004 who studied the content of flavonoids 
in North Croatian propolis and found 1,25 – 2,34% flavone/flavonols with an average of 
2,14% and 3,91-23,75% flavanone/dihydroflavonols. Popova, 2004 suggested for European 
poplar propolis an amount of 8±4% for flavone/flavonols. 
 


















Flavones/Flavonols Flavanone/Dihydroflavanols Phenolic acids
 
 
Fig. 1. Total phenolics in analyzed propolis samples  
 
Our team has continued to investigate the quality of Transylvanian propolis (Mihai, 
2009). Propolis collected between 2008-2009 was analyzed by using the same methods of 
analysis and values of 6,61% for flavone/flavonols, 3,02% flavanones/dihydroflavonols 
35,6% of total phenolics were obtained (Mihai, 2009). These results demonstrate that climatic 
conditions have a significant influence on variability of propolis composition even in the 
same geographical area.    
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Antioxidant activity: In this work we studied the antioxidant activity of propolis by 
three different means using DPPH as free radical. Propolis samples had significant RSA 
activity in the range of 10,24-17,65% (lowest value being achieved by PC4 and the highest by 
PC1). There was noticed a positive correlation between concentration in total flavonoids and 
RSA values (r2=0,71). Similar results presented Silva 2006 (r2=0,5) and Ahn 2007 (RSA 10-
80%, r2=0,762).  
In order to establish more precisely the influence of propolis in antioxidant activity 
there was established the method for IC50 determination and for evaluation of propolis 
concentration in antioxidant compounds. IC50 correlated positively with total flavonoids 
(r2=0,797) and with phenolic acids (r2=0,633). RSA and IC50 are indirect correlated: the 
higher the RSA value of one propolis sample is, there is needed a lower amount of the same 
propolis to get 50% inhibition of the free radicals in the reaction environment. Samples PM4, 
PM5, PC4 with low values of RSA (about 10%), needed a solution of high concentration in 
propolis (above 4mg/ml) in order to inhibit 50% of the free radicals. Propolis samples with 
RSA values above 15%, presented lower values of IC50 (below 2mg/ml). In general, IC50 of 
all samples ranged from 0,3 to 5,6mg/ml. For some propolis samples the IC50 values were 
very low indicating a high antioxidant activity.   
These data were confirmed by evaluation of antioxidant compounds in propolis 
(CCA).  Concentration in antioxidant compounds of the analyzed propolis samples was 79,4-
214,78mg caffeic acid/g propolis and 83,5-250,56mg Trolox/g propolis. Propolis samples 
with low amount of antioxidant compounds presented high IC50 values and low RSA values. 
The correlation ratio between IC50 data and CCA was 0,963 which suggest the strong 
connection between these methods. CCA correlates positively with phenolic acids (r2=0,721) 
and with total flavonoids (r2=0,783). This effect was seen in all samples the study obtained 
from different geographic areas. 
Flavonoids and phenolic acids are the major complementary compounds of propolis 
that have beneficial effects as natural antioxidants and prevent oxidative damage of DNA 
caused by reactive oxygen species (Mărghitaş, 2007b). The antioxidant effects may be a result 
of a combination of radical scavenging and an interaction with enzyme functions. Some 
components of propolis are absorbed and circulate in the blood and behave as hydrophilic 




Propolis has beneficial properties for humans and bees also, and its best values come 
from being a natural mixture of different compounds. In order to achieve a propolis extract 
with optimum biological value, than all the manufacturing chain of propolis must be better 
evaluated. Although chemical composition of propolis may vary since it is related to the local 
flora, it always exhibits significant biological activities. Since propolis composition is 
different depending on geographical origin, at least one evaluation remains valid as 
comparing tool between different propolis types: antioxidant activity – the starting point of all 
other biological activities. This study gives a reliable, fast and non-expensive method for 
evaluation of antioxidant activity of propolis using DPPH.  
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